
5 Electromagnetic Induction 

5.1 Current generation in a magnetic field 

Terms 

• electromagnetic induction (1I(tJ&li§JlI) • Fleming’s right-hand rule 

• induced e.m.f. (^£ftgfr!!§) (^#^^2^1111) 

• induced current • magnetic flux (fiMM'-'it) 

• Faraday’s law of electromagnetic • weber (Wb) (IpfQ) 

induction * magnetic flux linkage (fi&MElilfSO 

• Lenz’s law • magnetic flux density 

1 is the effect that current is produced from a 

changing B-field. 


Expt 5a Relative movement of conductor and magnet | B3 p.215 
Objective 

To study the induced e.m.f. in a conductor when the conductor and a magnet move relative 
to each other. 

Set-up 

Connect a 10-turn coil to a galvanometer (Fig a). Put a magnet 
in different ways and observe the deflection of the 
galvanometer. Find out how the deflection is affected if the 
magnet is moved at higher speeds, and more magnets and turns 
of coils are used. 

Fig a 

Connect a wire to the galvanometer. Move the wire between magnets in different ways and 
observe the deflection of the galvanometer (Fig b). Find out how the deflection is affected if 
the wire is moved at different speeds, and coil of wire (Fig c) and stronger magnets are used. 

to light-beam — — — 
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Fig c 




light-beam galvanometer 



© Oxford University Press 2009 


1 


New Senior Secondary Physics at Work 





Lesson Worksheets 


-Q- 


2 When a conductor has a relative motion with a magnet, the conductor experiences a 

changing field. This results in an induced . 

3 In a closed circuit, the induced e.rn.f. drives a current called 


Expt 5b Moving a conductor across a steady magnetic field 

03 p.216 

Objective 

To study the induced e.rn.f. in a conductor when the conductor is moved across a steady 
magnetic field. 

Set-up 

Connect a U-shape wire to a galvanometer. Move the wire 
to and fro between the magnets and observe the deflection 
of galvanometer (Fig a). Find out how the deflection is 
affected if 

the wire is moved with a higher speed, Fig a 

stronger magnets are used, 
a coil of more turns is used. 

Then connect a wire to a galvanometer. Move the wire 
sideways and observe the deflection of galvanometer 
(Fig b). 

Fig i 


4 An e.rn.f. can also be induced when a conductor is cutting through magnetic field lines 
(Fig 5a). 
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magnetic field 
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(i) Wire moves across the magnetic 
field lines: e.rn.f. is induced. 


magnetic field 


(ii) Wire moves parallel to the magnetic 
field lines: no e.rn.f. 


Fig 5a 
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5 The magnitude of the induced e.m.f. can be increased by 

i moving the wire/coil or the magnet , 

ii using a magnet, 

iii using a coil of turns or the length of wire inside 

B-field. 

This is summed up in Faraday’s law of electromagnetic induction: 

The e.m.f. induced in a conductor is proportional 

to the rate at which the conductor cuts through the magnetic field 
lines, or at which the magnetic field changes. 

6 Direction of induced current can be found by law or 

rule. 



8 According to Lenz’s law, when the magnet is pushed towards a coil (Fig 5b(i)), a 

current is induced in the coil to the magnet. When the magnet is pulled 

away from the coil (Fig 5b(ii)), a current is induced to the magnet. 


Fig 5b 


N S 



(i) The magnet is pushed towards a coil. 

„ S N 



(ii) The magnet is pulled away from a coil. 
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9 Work is done during the above motion and this is transferred as 

energy. The energy conversion (obeys/does not obey) the 

conservation of energy. 

10 The induced e.tn.f. and induced current increases when the rate of change in B-ficld 


11 For a wire cutting through a B-field, the direction of the induced current can be found 
using Fleming’s right-hand rule (Fig 5c). 



Example 1 


CB p.219 Eg 1 


A rectangular coil is moved upwards through a uniform 
magnetic field (Fig a). 

(a) Determine the direction of the current induced, if any, on 
the coil 

(i) by Fleming’s right-hand rule, 

(ii) by Lenz’s law. 

(b) What would happen if the coil moves towards 

the south pole? Fig a 



B 


(a) (i) By Fleming’s right-hand rule, the current induced on wire BC goes from to 

. Therefore, the direction of current is . 

(ii) The coil encloses magnetic field lines as it moves upwards. 

According to Lenz’s law, an induced current will flow in a direction so as to 
increase the magnetic field. Therefore, the direction of the current is 


(b) As the wire moves parallel to the magnetic field lines, current 
(will be/will not be) induced. 


© Oxford University Press 2010 


4 


New Senior Secondary Physics at Work 





Lesson Worksheets 


- 3 - 


Example 2 


CB p.220 Eg 2 


A conducting rectangular coil ABCD is moving across a uniform magnetic field. The 
following figure shows the moments when the coil is (i) moving into the magnetic field, (ii) 
inside the magnetic field, and (iii) leaving the magnetic field (Fig a). 



Fig a 


(a) In each of the above figures, indicate, if any, the direction of induced current in the 
coil. 

(b) Section AB is now cut off from the coil and the coil becomes a U-shape wire. Is there 
any induced e.tn.f. across the terminals of the wire when the wire is moving into the 
magnetic field? Is there any induced current in the wire? 

(b) 


Expt 5c Investigating induced e.m.f. in a coil using data-logger 

03 p.221 

Objective 

To find out how the induced e.m.f. in a coil is affected by the number of turns of the coil and 
the speed of the magnet moving towards and away from the coil using a voltage sensor. 


Set-up 

Set up the apparatus (Fig a). Drop a bar magnet from a height 
of 20 cm above the coil. Note and save the voltage-time graph. 
Repeat with other heights and a 40-tum coil. Compare the 
graphs obtained. 

Results and conclusion 

The magnitude of induced e.m.f. increases as the magnet moves 
and the no. of turns of the coil 



Fig a 
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Example 3 


CB p.221 Eg 3 


From Experiment 5c, a voltage-time (V-t) graph is 
obtained (Fig a). 

(a) Describe, by using the graph, the induced e.tn.f. 
across the coil when the magnet enters and leaves it. 

(b) Sketch the new V-t graph if the coil is replaced with 

a long solenoid. Fig a 



(a) When the magnet enters the coil, an is induced across the coil. This is 

shown as a positive pulse in the graph. 

When the magnet leaves the coil, an is induced in opposite direction 

across the coil. A negative pulse is therefore shown in the graph. 

(b) 


Check-point 1 (p.222) 


12 

IS3 


( ) is a quantity which measures the amount of magnetic 

field lines crossing an area. Its SI unit is ( ). 


13 Consider Figure 5d. 

IS3 


Fig 5d 




The magnetic flux <J> through that area A is given by: <L> = (1) 

When the B-field is at an angle 9 to the normal of the coil (Fig 5e), (1) becomes 


® = 
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If N turns of coil are used, the total magnetic flux through the coil, called magnetic flux 
linkage, is 


Magnetic flux linkage = 


14 Rearranging (1), B = 

Magnetic field can also be defined as the magnetic flux per unit area, and is also called 
the . Its unit is or ( ). 


p.224 Eg 4 


Example 4 

A solenoid of 30 turns is wound on a soft-iron core. The length and the radius of the 
solenoid are 18 cm and 2 cm respectively. A current of 15 mA flows through the solenoid. 
(Take po = 4jt x 10 7 T m A *) 

soft-iron core 
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Fig a 

(a) What is the magnetic flux density inside the solenoid? 

(b) What is the magnetic flux linkage through the solenoid? 


(a) 


(b) 


15 Faraday’s law can be more precisely stated in terms of magnetic flux. 



The induced e.tn.f. (s) in a conductor is equal to the rate 
of change of magnetic flux, or the rate of flux cutting. 
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16 Mathematically, it is expressed as 



To include the effect of 


_, a -ve sign is added to show that the 


current due to the induced e.tn.f. is opposite to the change of magnetic flux. 


17 For coil of N turns, the above equation becomes 


which is equal to the rate of change of the flux linkage. 


Example 5 


p.225 Eg 5 


A conducting rod of length 8 cm is moving along smooth metal rails. The rod makes an 
angle of 45° to the rails and moves from IVZ to XY in 5 s in a unifonn magnetic field of 
1.8 T (Fig a). 

(a) Find the magnetic flux through the area WXYZ. 

(b) Find the e.tn.f. induced on the rod. 

(c) Indicate the direction of the induced current in Figure a. 


X X X X x W x x x x X 



Fig a 


x x ^ x 5 Cat x y x x 


& Check-point 2 (p.226) 
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Example 6 


p.226 Eg 6 


A 1-tum circular coil of radius 10 cm is placed perpendicularly to a unifonn magnetic field 
(Fig a). The magnetic flux density decreases at a rate of 0.02 T s _1 . 



(a) Find the magnitude of the induced e.tn.f. in the loop. 

(b) Given the resistance per unit length of the coil is 1 f2 m , find the induced current and 
indicate its direction in Figure a. 

(c) The coil is now reshaped to form a circular coil of 5 turns. Will the new induced 
current same as that of the original coil? 

(a) 


(b) 


(c) 


. ' . The new induced current 


(is/is not) the same as that of original coil. 
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5.2 Generators and other applications of 
electromagnetic induction 


Terms 


generator/ dynamo 




I) 


a.c. generator/alternator 
slip ring i 




d.c. generator ([itMitillllt) 
search coil (^JIU-H) 
eddy current (L'ctili/t) 


1 


and make use of electromagnetic 

induction to generate electricity (Fig 5f). 



2 The principle of generator is as follows (Fig 5g-5i). 

i A coil is rotated in a uniform B-field (Fig 5g). Side AB moves upwards and side 
CD downwards. An e.tn.f. is induced as if there were two cells in series. Therefore, 
a current is induced. 
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ii When the coil is vertical (Fig 5h), sides AB 
and CD are moving parallel to the B-ficld 
momentarily. Both induced e.tn.f. and current 

Indicate the galvanometer pointer in the figure. 

Fig 5h 

iii When the coil makes half a turn (Fig 5i), 
side AB moves downwards and side CD 
upwards. The induced current flows in 

direction in the 

outside circuit. 

Indicate the galvanometer pointer in the 
figure. 

Fig 5i 

iv When the coil has completed three quarters of a turn, it becomes vertical again, 

and the induced current drops to zero. If the coil keeps rotating, a continuous 
supply of (direct/alternating) current is provided. 

3 A simple a.c. generator or an 

alternator (Fig 5j) consists of a coil 
between the poles of a magnet. Two 

allow the coil to 

rotate continuously without twisting 

the wires. Two 

press against the slip rings 
connecting them to the outside 
circuit. 


coil rotated 



Fig 5j 
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4 


Figure 5k shows how the current 
in an a. c. generator varies during 
one complete rotation of the 
coil. The current is taken as +ve 
in one direction and -ve in the 
other direction. 


Fig 5k 


current maximum forward 



The current is the 
current is 


when the coil is horizontal (Fig 51(i)) while the 


when the coil is vertical (Fig 51(ii)). 






I- 


Fig 51 


(i) The coil cuts through the 
field lines most rapidly. 


(ii) The coil does not cut through 
any field line momentarily. 


6 The induced e.tn.f. and current can be increased by 

i using a magnet, 

ii the number of turns in the coil, 

iii the area of the coil (within the magnetic field), 

iv winding the coil on a soft-iron core, 

v rotating the coil at a speed (i.e. frequency). 


7 Note that the frequency of an a.c. generator is always 

frequency of rotation of the coil. 


the 


Example 7 


M p.233 Eg 9 


The structure of a simple a.c. generator is shown in 
Figure a. 

(a) What does device X consist of? 

(b) State the direction of the current flowing through 
the light bulb at the moment shown. 

(c) The generator can produce a maximum current of 
5 A and takes 1 s to complete 10 revolutions. 

Sketch a graph to show the variation of Fig a 
current in 0.15 s. 


coil rotated 



A B 
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(a) Device X consists of 

(b) The current flows from to via the bulb. 

(c) 


8 An a.c. generator becomes a d.c. 
generator (Fig 5m) if the slip rings 

are replaced by a , 

which reverses the connections of the 
coil to the outside circuit every time 
the coil makes a half turn. 

Fig 5m 



9 


Figure 5n shows how the current in a d.c. generator varies during one complete rotation 
of the coil. 


current 



Fig 5ll coil orientations 


10 A bicycle dynamo has a (fixed/rotating) 

coil on a soft-iron C-core and a 

(fixed/rotating) permanent magnet (Fig 5o). This avoids 
the circuit from making connection via a moving contact. 
The rotation of the magnet produces an induced a.c. to 
light up the lamp. 



Fig 5o 
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11 An alternator (Fig 5p) has a rotating (called rotor) with fixed sets of 

coils (called stator) around it. In power stations, it is usually driven by a steam turbine 
to generate electricity. 


commutator 



Fig 5p 


& Check-point 3 (p.235) 


12 A search coil (Fig 5q) can measure varying magnetic fields by detecting the 


across the coil. It consists of a circular coil connected to a CRO. 



13 


Since the area A of the coil is constant, the magnitude of the induced e.tn.f. s and the 
magnetic field B are related as follows: 

s = 

If a varying B-field which varies with time is measured by a search coil, the induced 
e.tn.f. will also vary accordingly. 


Expt 5d Measuring magnetic field using a search coil 

IS3 

Objective 

| To measure magnetic fields using a search coil. 


03 p.237 


Set-up 

Set up a search coil probe and connect it to a CRO (Fig a). Connect a long straight wire to a 
signal generator (Fig b). Measure the magnetic field at different distances from the wire and 
with different currents passing through the wire. 
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Repeat by replacing the wire with a slinky solenoid (Fig c). Compress the slinky solenoid. 
How is the magnetic field affected? 

Repeat by replacing the slinky solenoid with a rectangular one (Fig d). Use solenoids of 
different areas and different numbers of coils per unit length. How is the magnetic field 
affected? 



Results and conclusion 

The magnetic field in each case when the current is increased. 

The magnetic field becomes stronger when the number of coils per unit length 

. The field (depends/does not depend) on 

the cross-sectional area of the solenoid. 


Expt 5e Eddy current | B3 p.238 

Objective 

To study the effects of induced e.m.f. in a piece of metal when the metal moves in a 
magnetic field or is placed in a changing magnetic field. 

Set-up 

Put a coil of 1 100 turns round the bottom of a retort stand. Insert an aluminium ring on the 
top of the coil (Fig a). Connect the coil to a d.c. power supply. Switch on the power supply 
and observe what happens to the aluminium ring. Repeat by replacing the aluminium ring 
with another one with a slit (Fig b). Then repeat by replacing the d.c. power supply with an 
a.c. power supply. 
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d.c. power stand 
supply 


aluminium ring 
with no slit 


Fig a 



Suspend an aluminium plate between a pair of slab-shaped magnets (Fig c). 



Fig c 



Pull the aluminium plate to one side. Release the plate and observe what happens. Repeat 
with an aluminium plate with slots (Fig d). 


Results and conclusion 

The aluminium ring remains in mid-air if an a.c. power supply is used. 

The ring with slit is in all cases. 

The aluminium plate swings for a (longer/shorter) time than the one with 

slots. 

An aluminium ring with a slit and an aluminium plate with slots can the 

flow of eddy current. 


14 When a piece of metal moves in a B-field, or when it is 
placed in a changing B-field, an e.tn.f. will be induced. 

This will give rise to an 

(Fig 5r) circulating within the body of the metal in a 
direction to the change causing it. 



Fig 5r 


eddy current 

changing 
magnetic field 
produced by a.c 
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15 Eddy current usually follows a (high/low) resistance path. Therefore it 

may be quite large even if the induced e.m.f. is small. Eddy currents can produce 
and effects. 

16 A moving-coil microphone (Fig 5s) consists of a small coil attached to a diaphragm. 

The diaphragm when someone speaks into the microphone. This 

causes the coil to move up and down between the poles, and induces an 

in the coil (Fig 5t). 


moving 
coil — 


magnet 




diaphragm 


hwr 

PIT 



Fig 5 s 


coil moving down 


coil moving up 


Fig 5t 




17 The induction cooker (Fig 5u) uses coils of wire with 


frequency a.c. to 


set up a fast changing B-field, which induces large currents in the metal cooking pot 


placed above. The pot gets hot due to the 
cooks the food. 


effect of the currents and 


current - 

induced 

here 



a.c. in coil 


Fig 5u 


metal base 


non-metallic 
top plate 


magnetic field produced by a.c. in coil 
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18 A computer hard disk consists of several platters and read-write heads (Fig 5v). Each 
platter coated with thin layers of fine grains of magnetic material. The grains behave 
like tiny magnets. Each read-write head is a tiny soft-iron core with a coil wound round 
it. 


Fig 5v 



soft-iron 

core 


magnetized 

magnetic 

material 


19 Figure 5w shows the writing and reading processes of a hard disk. Information is 

‘written’ on the disk by first converting it into a.c. signals. The a.c. 

and rearranges the grains as the platter passes over the head. When information is 

‘read’, the B-field of the grains induces a certain as the platter passes 

over the head. The a.c. signals are then converted back to the information. 


IN: a.c. signals 9 9 OUT: induced 9 9 
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